INTRODUCTION {#sec1-1}
============

Heat generation in any industrial operation is a general phenomenon. Considering the production process, it is impractical to restrain heat generation. The heat load, in turn, impacts the workers' performance and productivity, concurrently giving rise to occupational health risks. Workers exposed to such an arduous environment for a long duration are under severe physical stress as well as psychological stress.\[[@ref1][@ref2]\] A working person generates heat internally in the body, particularly through muscular work, which adds to the heat stress in a hot environment.\[[@ref3]\] With continuous heat exposure, the human defence mechanism undergoes progressive transformations for internal thermal stability. However, strategic acclimatization to heat does not occur in case of workers due to variability of workloads, workplace temperature as well as different levels of exposures.\[[@ref4]\]

Heat stress is often an ignored hazard at the workplace. In addition to the health hazard to workers, working in hot environments also increases safety risks. Though it has been reported in the literature that outdoor workers are more vulnerable to heat disorders during the summer months,\[[@ref5][@ref6]\] workers at indoor workplaces, especially in the production units of ceramic industries, potteries, and iron foundries, also experience heat-related disorders.\[[@ref7][@ref8][@ref9]\] Further, in addition to naturally occurring hot climates in the study region, workplace environments such as the ceramic industry and iron works have an artificial and a persistent hot environment throughout the day, which often exceeds the climatic stresses. Workers, due to their inadvertent work-life demand are exposed to such an artificial hot environment, putting their lives under extreme physiological and psychological stress and strain. Studies in India by Nag *et al*. on 1,947 workers in ceramics and iron and stone quarries revealed exposure of three-fourth of the workers to high heat load (30.1--35.5°C) and one-tenth of them to as high as 38.2--41.6°C.\[[@ref10]\] They reported that 39% of the ceramic workers reported muscle cramps in both extremities. Musculoskeletal pain is associated with occupational activity and psychosocial risk factors among different occupations.\[[@ref11]\] Nag and Nag reported that 65% of Indian foundry workers with the perception of chronic fatigue associated with a majority of these workers suffered some type of injury.\[[@ref4]\]

The present study in the ceramic industry and iron industry has given rise to concerns regarding the workers' health perspective. Of the two types of industries, the technologically advanced ceramic industry was observed to be a tougher workplace due to the direct handling of hot output products in the workplace and heavy manual material handling (MMH). Iron foundries also require handling of potentially injurious raw materials to furnace work and rolling; however, workplace heat is the prime concern.

Therefore, the present study was conducted in the ceramic industry and iron foundry to recognize the workplace environment and heat load between these hot workplace industries, and to comparatively examine the characteristics of self-reported physiological responses and heat-health perception among workers.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was conducted in seven ceramic industries manufacturing wall and floor tiles as well as sanitary wares in the Western part of India. The study was conducted from March 2013 to March 2014. The worker\'s work primarily involved heavy and frequent MMH, holding, lifting, lowering, and manual transportation of hot ceramic finalized products. Similarly, workers in five iron foundries of the region were studied. This work involved the manufacture of iron bars, mould sheets, etc. The workers primarily handled scrap iron raw materials, MMH around the furnace, stacking, polishing and molding of iron bar, tubes, rods, and sheets.

Thermal microclimate monitoring {#sec2-1}
-------------------------------

The Thermal Microclimate HD32.1 (Delta Ohm, Padova, Italy), a portable instrument, was used in the study to analyze the thermal microclimate of the workplace. Microclimate is explained as environmental parameters influencing heat exchange between a worker and his/her workplace surrounding. These microenvironment climatic factors, along with the nature of work performed aid in the generation of a series of biological responses associated with thermal discomfort/comfort.

Participants {#sec2-2}
------------

A total of 574 workers were studied from both the industries (ceramics *n* = 321; iron foundry *n* = 253). The participants were informed about the purpose of the study and the measurement procedures. A detailed written informed consent to participate in the study was taken from all the participants. The protocol of the study was approved by the institutional ethics committee.

Test batteries {#sec2-3}
--------------

Each worker was individually interviewed in the local language. The general health status was evaluated with the help of a questionnaire survey. The questionnaire included respiratory discomforts, muscular pain and discomforts, hearing problem, visual problems, and heat stress-related discomforts such as dry mouth, skin discomforts, headache, sleeplessness, and loss of appetite.\[[@ref12]\]

For heat health assessment among workers, self-reported data were recorded using a heat health perception questionnaire. Perception responses of the workers regarding daily water intake, frequency of urination, sweating, thirst, dehydrated mouth, muscle pain/spasm, and elevated body temperature were recorded. Likert attitude scale was used, which indicates the responses to "secondary statement" by a single digit score on 5-point; low score is a positive indicator of the perception of absence of a problem. A score above 3 was considered as an indication of high strain. The checklist entries were responded to by a single digit score on a Likert scale with a common 5-point scale ranging from strong disagreement (score of 1) to strong agreement (score of 5) where a low score indicated the perception of absence of a problem.

Further, the rating of perceived exertion (RPE) scale was also collected. This scale is a psychophysiological scale with score range of 6-20, i.e., "no exertion at all" to "maximal exertion," indicating the mind and body\'s rates to one\'s perception of effort. The RPE scale measures feelings of effort, strain, discomfort, and/or fatigue experienced during work. The greater the frequency of these signals, the more intense is the perception of physical exertion. The perceived exertions of an individual using this scale closely resemble the severity of the task performed.\[[@ref4]\]

Data analysis {#sec2-4}
-------------

Analysis of data was performed in the Statistical Package for the Social Sciences (SPSS) for Windows Version 16.0 (Chicago, IL, USA). Data from the ceramic and iron foundry workers were summarized in descriptive statistics.

The normality distribution of data was checked by Shaipro-Wilk test. The relationship of the stressors, pain health symptoms, and psychosocial stressors and stress symptoms to musculoskeletal disorders (MSDs) and health complaints was examined by the Chi-square test. Associations between physical health complaints and independent variables were examined by the Chi-square test and the results were observed at a significance level set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

The area heat stress monitor was placed at the workers' workplaces. At the ceramic plant, the instrument was placed at the workplace, parallel to the center of the kiln. In the iron foundry, the instrument was placed at around 4 m from the blast furnace. The mean ambient temperature was 43.4 ± 3.7°C in iron foundries and 39.9 ± 3.3°C in ceramic industries, whereas the relative humidity was as low as 22.5% in iron foundries and 17.4% in ceramic industries. The wet-bulb globe temperature (WBGT) index was \~31.5°C in iron foundries and \~28°C in ceramic industries \[[Figure 1](#F1){ref-type="fig"}\]. These data were collected from 10:00 AM to 4:00 PM on all working days.

![Thermal microclimate parameters in the ceramic industry and iron foundry. Ta = Environment temperature, RH (%) = Relative humidity, WBGT-i = Wet-bulb globe temperature (indoor)](IJOEM-20-48-g001){#F1}

[Table 1](#T1){ref-type="table"} shows the general characteristics of the workers studied. The height and weight among the workers in both the industries was similar. More than 50% of the workers in the ceramic industry worked for less than 3 years. The participation of the iron workers was found slightly better with \~15% having worked continuously for more than 10 years. Daily water intake was higher among the iron workers than their counterparts in the ceramic industry (*P* \< 0.001).

###### 

Characteristics of the two groups of workers

![](IJOEM-20-48-g002)

The workers' perceptions toward climate and the rate of perceived exertion are mentioned in [Table 2](#T2){ref-type="table"}. The workers' perceptions toward the work climate were presented in three categories: Comfort, warm, and hot; the scale for climate perception had a range of 1-9, i.e., "cold" to "hot." The perception of a hot workplace was significantly higher among the iron workers (*P* \< 0.05) followed by the feeling of warm workplace, indicating higher discomfort due to an extreme climatic condition at workplace. Corroborating the perception of workplace climate, RPE scale revealed that the feeling of extremely hard work was higher among the iron workers than the ceramic workers. The occurrence of "hard" condition in the ceramic workers was significantly higher than the iron workers (*P* \< 0.001).

###### 

Ceramic and iron foundry workers' perceptions (in percentage) toward the work climate and severity of task performed by them

![](IJOEM-20-48-g003)

The perceptions toward physiological thermal responses of workers were recorded and are mentioned in [Table 3](#T3){ref-type="table"}. The prevalence of self-reported hot or dry skin, sleeplessness, flushed complexion, high blood pressure, and kidney stone were found significantly in ceramic workers than in iron workers (*P* \< 0.001). Other skin-related problems such as red face, feeling a chill, and pink or red bumps, and (*P* \< 0.001) itching in the skin (*P* \< 0.05) were more prominent among iron workers. Elevated body temperature and decreased urine output were found significant subjective symptoms among ceramic workers (*P* \< 0.01). Concerning the other subjective symptoms, there was no significant difference between ceramic and iron foundry workers.

###### 

Prevalence of subjective symptoms (in percentage) among the ceramic and iron foundry workers

![](IJOEM-20-48-g004)

[Figure 2](#F2){ref-type="fig"} shows age-specific analysis for the prevalence of subjective symptoms among the ceramic and iron foundry workers. It was observed that loss of appetite was higher in older workers than younger workers in both the industries. Muscle cramps were almost similar among similar age groups in both the industries. However, older workers in iron foundries reported a feeling of more fatigue than their younger counterparts. Heavy sweating was reported in iron industries in both the age groups. Further, younger workers reported more sweating than their older counterparts in both the industries.

![Age group-wise prevalence of subjective symptoms among the ceramic and iron foundry workers. The age group in years and sample size are shown in parenthesis](IJOEM-20-48-g005){#F2}

DISCUSSION {#sec1-4}
==========

The continuous exposure to workplace heat poses potential health risk accompanied by a reduction in productivity.\[[@ref2][@ref13]\] Heavy MMH and direct contact with hot items at work add to the risks. Ceramic and iron foundries generate extreme heat during the production process, demanding substantial manual labor and continuous involvement of the workers. In addition, since the work process in these industries, particularly the ceramic industry is mechanical, the workers have to maintain their pace through the entire process to avoid any productivity lapse. With prevailing environmental heat load in the Western part of India, the work in these industries get worse and the perceptions of workers with regard to their working health provide an indication of their vulnerability.\[[@ref10]\] Therefore, the present study focused on elucidating the environmental scenario in these industries and compared the workers' perceptions toward climate and health symptoms between ceramic and iron foundry workers.

With regard to the environmental heat load in both the industries, the ambient temperature starts creeping with the progressing hours of the day. The temperature in both the industries remained in the highest range during the post-lunch period (1:00-4:00 PM). It was noted that the heat index was more in iron foundries (114°F) than in ceramic industries (102°F), categorizing the environment condition as category III (very hot) for the iron industry and category II (hot) for the ceramic industry.\[[@ref14]\] Working in such arduous environments may be cause heat cramp, exhaustion, and even stoke with prolonged exposure.

In the present study, it was observed that the average work tenure of workers was more in the iron industry, which might be due to the ceramic industry\'s demand of working with high MMH, precision, and in tandem with the mechanical pace with concentration. The working hours/day in the iron industry was more than that of the ceramic industry. This was even more than a similar type of work in other countries.\[[@ref15]\] Further, there is a perceived realization that the workplace in the iron industry may be an extremely difficult workplace,\[[@ref10][@ref16]\] maintaining that a safer workplace is a common perception among the workers as well as the management. The presence of drinking water facilities was observed to be more readily available in the workplace of the iron industry than in the ceramic industry. Also, the continuous maintenance of pace with the moving conveyor belt was not present in the iron foundries, which might be one of the reasons for higher water intake among the workers \[[Table 1](#T1){ref-type="table"}\]. This was also reflected in the symptoms reported in [Table 3](#T3){ref-type="table"} (excessive thirst, kidney stone, and decreased urine output).

Although a statistically significant number of respondents perceived the workplace in iron foundries as "hot," the feeling of comfort at the ceramic-manufacturing workplace was significantly higher than in the iron foundries \[[Table 2](#T2){ref-type="table"}\]. This could be due to the ceramic workplace being technologically advanced, with a closed furnace dissipating lesser heat in the working environment. However, due to heavy MMH in the work process of the ceramic industry, a significantly higher number of workers felt their work to be "hard" compared to the iron foundry workers. This emphasizes that perception of physical exertion among an individual using the RPE scale closely resemble to the severity of task performed.\[[@ref4]\]

As seen in [Table 3](#T3){ref-type="table"}, weakness, fatigue, and muscle cramps were reported to be higher among the ceramic industry workers. This was because of the fact that the production process in ceramic product manufacturing involves a lot of MMH, forward bent posture for a prolonged time, frequent lifting, and repetitive movements of the upper extremities in carriage of heavy loads.\[[@ref15]\] Several studies have reported musculoskeletal discomfort and pain while exerting similar efforts at work.\[[@ref17][@ref18][@ref19]\] On the contrary, although the workplace in the iron industry is hotter than the ceramic industry, the workflow is primarily mechanical, except for the use of the upper extremities in manipulating the raw material into the furnace, demolding of iron bars, polishing, and guiding the iron bars into rolling mills over mechanical rollers. The present study result also showed that 45.1% of iron workers reported spasms in the upper extremities.

It was observed that skin-related problems such as pink or red bumps and itching skin were reported to be higher among iron foundry workers than ceramic industry workers. Accidental firing of molten iron droplets during blast furnace operation and sprinkling of iron dust during the polishing of iron bars are the prime factors behind such a high prevalence of skin problems. Earlier studies also reported a high prevalence of such injuries among iron industry workers.\[[@ref4][@ref20]\] Though other responses such as headache, blurred vision, and loss of appetite did not significantly differ between the workers from these two occupations, these had a higher prevalence in iron foundry workers.

Age-specific analysis in our study revealed that 86.6% and 79.4% of the workers in the ceramic and iron industries, respectively, belonged to the age group of 18-35 years, which implicated that there was a young workforce in these industries. Studies on heat tolerance reported that middle-aged workers were more susceptible to heat-related disorders at work.\[[@ref21]\] Our study results report young and middle-aged workers as more vulnerable to heat stress than the other workers. Some other studies report that young workers due to their inexperience, less safety training, less recognition of risk of heat exposure, and supervisor pressure, work beyond their individual tolerance to be more susceptible to heat-related injuries.\[[@ref9][@ref22]\] From the present study results, it is revealed that although the young workers reported more sweating, feeling of fatigue, and muscle cramps than the older workers, they ignore the heat-related symptoms more and continue their work, giving more importance to the source of livelihood.

These symptoms at the workplace are vulnerable factors toward lower productivity as well as cause of accidents.\[[@ref2][@ref23][@ref24]\] Working in a hot workplace environment with the above perception of the workers may lead to dehydration and central fatigue.\[[@ref25]\] Also, the core body temperature may rise, resulting in the body\'s attempt to regulate its temperature through increased blood circulation and profuse perspiration, along with the loss of essential electrolytes, less blood to active muscles, the brain, and other internal organs, leading to a reduction in muscular strength and the onset of fatigue. Further, as reported by the workers long hours of work followed by sleeplessness is a prime cause of less attentiveness, weakness, etc., leading to various errors (omission, commission, sequence, and timing) at work.

The strength of the present study was obseving the perceived responses of workers in a substantial number of units of both the industries in the region. This assisted in the recording of a generalizable trend of working health perception of workers, indicating the vulnerability in these professions. However, the limitation of the study was not being able to elucidate the association of various responses of prevailing diseases/disorders with their work and/or working environment, e.g., gastric disorders, kidney stones, and high blood pressure, which was beyond the scope of the study.

CONCLUSION {#sec1-5}
==========

In conclusion, the western part of India experiences high environmental heat load. Under such hot environmental conditions, work in the ceramic industry as well as the iron foundry is arduous in nature. Considering the heat generated, the working environment in the iron foundry is hotter than in the ceramic industry. However, material handling, direct contact with hot surfaces, and continuous maintenance of with mechanical workflow make the work more difficult in the ceramic industry. This might have been the reason why occupational career in the ceramic industry was observed to be shorter than in the iron industry. Manual work and heavy load handling in an extremely hot working environment are affecting workers' physiological well-being as well as psychological well-being.
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